Anomaly-induced inflaton decay and gravitino-overproduction problem  by Endo, Motoi et al.
Physics Letters B 658 (2008) 236–240
www.elsevier.com/locate/physletb
Anomaly-induced inflaton decay and gravitino-overproduction problem
Motoi Endo a, Fuminobu Takahashi a,∗, T.T. Yanagida b,c
a Deutsches Elektronen Synchrotron DESY, Notkestrasse 85, 22607 Hamburg, Germany
b Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
c Research Center for the Early Universe, University of Tokyo, Tokyo 113-0033, Japan
Received 21 June 2007; received in revised form 5 August 2007; accepted 5 September 2007
Available online 19 September 2007
Editor: G.F. Giudice
Abstract
We point out that the inflaton spontaneously decays into any gauge bosons and gauginos via the super-Weyl, Kähler and sigma-model anomalies
in supergravity, once the inflaton acquires a non-vanishing vacuum expectation value. In particular, in the dynamical supersymmetry breaking
scenarios, the inflaton necessarily decays into the supersymmetry breaking sector, if the inflaton mass is larger than the dynamical scale. This
generically causes the overproduction of the gravitinos, which severely constrains the inflation models.
© 2007 Elsevier B.V. All rights reserved.Inflation [1] not only solves basic problems in the big bang
cosmology such as the horizon and flatness problems, but also
provides a natural mechanism to generate density fluctuations
necessary to form the present structure of the universe. In fact,
the standard slow-roll inflation predicts almost scale-invariant
power spectrum, which fits the recent cosmic microwave back-
ground data [2] quite well. During inflation, the universe is
dominated by the potential energy of an inflaton field, and it
expands exponentially [1,3]. After inflation, the inflaton trans-
fers its energy to a thermal plasma by the decay and reheats
the universe. It is of great importance to unravel the reheating
processes to have a successful thermal history after inflation. In-
deed, the reheating is subject to several constraints; the reheat-
ing temperature should be high enough to generate the baryon
asymmetry, while low enough to avoid the overproduction of
unwanted relics.
One usually introduces couplings of the inflaton to the Stan-
dard Model particles to cause its decay and hence reheating.
The stronger couplings result in the higher reheating tempera-
ture, and so, the couplings must be so weak to evade the over-
production of the unwanted relics. In supergravity, for instance,
gravitinos are overproduced by particle scatterings in thermal
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doi:10.1016/j.physletb.2007.09.019plasma, if the reheating temperature is too high [4]. So far, it
has been considered that one can avoid the cosmological diffi-
culties associated with the unwanted relics (e.g., gravitinos), by
setting the coupling of the inflaton to the visible sector weak
enough.1
In this Letter we show that, once the inflaton acquires a finite
vacuum expectation value (VEV), it spontaneously decays into
any gauge bosons and gauginos via the quantum effects, anom-
alies in supergravity. In the dynamical supersymmetry (SUSY)
breaking (DSB) scenarios, SUSY is broken as a result of strong
dynamics in a gauge theory. The couplings induced by the
anomalies in supergravity make it unavoidable for the inflaton
to decay into the hidden gauge bosons and gauginos, which sub-
sequently produce gravitinos. The gravitino production turns
out to be prevalent in generic DSB models, which tightly con-
strains both the inflation models and SUSY breaking scenarios.
In particular, as we will see, high-scale inflation models such as
hybrid [8] and smooth hybrid [9] inflation models are severely
constrained. We stress that the gravitino production from the in-
flaton decay is almost unavoidable, and that it cannot be solved
by taking the reheating temperature low enough. On the con-
1 It should be noted, however, that Refs. [5–7] recently pointed out that the
inflaton can decay into the gravitinos, which puts severe constraints on both the
inflation models and the supersymmetry breaking scenarios.
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worse.
We recently pointed out that the inflaton decays into mat-
ter fields in the visible and the hidden SUSY-breaking sectors
through supergravity effects, even without direct couplings be-
tween them in the Einstein frame of the supergravity.2 We call
it as a spontaneous decay [7]. (See also Ref. [10] for the non-
SUSY case.) Here, we show that the inflaton decays into any
gauge bosons and gauginos via the anomalies in the supergrav-
ity in addition to the spontaneous decay.
Let us assume that the inflaton does not have any direct cou-
plings to the gauge sector. Then, the Lagrangian of the gauge
multiplets is invariant under the super-Weyl transformation at
the classical level, and hence the inflaton decay into the gauge
sector is prohibited at the tree level [11]. However the symme-
try is anomalous at the quantum level. The anomaly not only
mediates the SUSY-breaking effects to the visible sector [12]
but also enables the inflaton to couple to the gauge supermul-
tiplets. By using the superfield description of the supergravity,
the 1PI effective Lagrangian of the super-Weyl anomaly is [13,
14]
(1)L= g
2b0
64π2
∫
d2Θ 2EWαWα 1
∂2
(D¯2 − 8R)R¯ + h.c.
in the conformal frame and in the Planck units: MP = 1. Here g
is a gauge coupling constant, b0 = 3TG−TR is the beta function
coefficient, and Wα is a field strength of corresponding gauge
supermultiplet. A sum over all matter representations is under-
stood. The chiral density E , the Θ variable and the covariant
derivative D are those defined in the supergravity [15]. Note
that the inflaton linearly contributes to the R-current as ba ∼
i
2 (Kφ∂aφ −K∗φ∂aφ∗), and the superspace curvature R¯ contains
R¯ = − 16 (M∗ + Θ2(− 12R+ iema Dmba) + · · ·), where M is an
auxiliary field of the supergravity multiplet, and R is the Ein-
stein curvature scalar. Also, the combination (Kφφ + K∗φφ∗)
appears in the scalar component of the graviton. The inflaton
field then couples to the gauge bosons in the Einstein frame as
(2)L= g
2b0
192π2
Kφ
φ
MP
(FmnFmn − iFmnF˜mn)+ h.c.,
where Fmn is a field strength of the gauge field and F˜mn =
mnklFkl/2. In addition, noting that the F-term satisfies the
equation of the motion, F i = −eK/2Kij∗(Wj +KjW)∗, the in-
flaton couples to the gaugino λ as
(3)L= g
2b0
96π2
Kφ
mφ
MP
φ∗λλ+ h.c.
in the Einstein frame. Here we assume that the inflaton mass
mφ is dominated by the supersymmetric mass term, and used
Fφ,φ∗  −mφ . Therefore the inflaton field couples to the gauge
sector through the super-Weyl anomaly as long as the Kähler
potential contains a linear term of the inflaton, which is roughly
2 A part of the decays is thought of as arising from direct couplings in the
conformal frame.given by the inflaton VEV 〈φ〉.3,4 The decay rate becomes
(4)Γ (φ → gauge)  Ngα
2b20
2304π3
|Kφ |2
m3φ
M2P
,
where Ng is the number of the generators of the gauge group,
α is defined as g2/4π , and we assume the canonical normal-
ization of the inflaton and gauge fields. Here we notice that the
half of the decay rate comes from the decay into the two gauge
bosons and the other half from that into the gaugino pair.
In addition to the super-Weyl anomaly described above,
there are also Kähler and sigma-model anomalies [13,14],
which can affect the inflaton decay at the same order of mag-
nitude.5 However, here and in what follows, we concentrate
on the effect of the super-Weyl anomaly, for simplicity. The
following discussion is essentially unchanged even if those ad-
ditional contributions are included.6
It is interesting to compare the anomaly-induced decay to
the recently observed spontaneous decay which occurs at the
tree level [7]. It was shown that the inflaton decays into the
matter fields in the visible and/or hidden sectors, if the inflaton
acquires a finite VEV. The decay proceeds via both the Yukawa
interactions (with 3-body final states) and the mass terms in the
superpotential, even when there are no direct interaction terms
in the Einstein frame. Thus, for a generic Kähler potential (in-
cluding the minimal one), the inflaton decay may be dominated
by the spontaneous decay via the top Yukawa coupling. How-
ever, the anomaly-induced decay rate is not negligibly small
compared to that of the spontaneous decay, although it arises at
the 1-loop level. This is because the latter rates are suppressed
either by the phase space of the 3-body final states, or by the
mass ratio squared (M/mφ)2 as in the case of the decay into
the right-handed (s)neutrinos with a Majorana mass M satisfy-
ing 2M <mφ .
In the DSB scenarios, SUSY is spontaneously broken as a
result of non-perturbative dynamics in a gauge theory, in which
case the beta function coefficient is positive, b0 > 0. The dy-
namical scale of the hidden gauge interactions is related to the
SUSY breaking scale as Λ = r√m3/2MP , where m3/2 denotes
the gravitino mass, and r  1 represents a model-dependent nu-
merical factor. The gauge bosons and gauginos have masses of
O(Λ) due to the strong couplings below the DSB scale. There-
fore, when the inflaton mass, mφ , is larger than the DSB scale,
the inflaton decays into the SUSY breaking sector via the super-
Weyl anomaly,7 since the decay is kinematically allowed and
3 Note that 〈φ〉 is not a field value during the inflation but it should be evalu-
ated at the vacuum after the inflation.
4 The anomaly-induced decay is suppressed if 〈Kφ〉 = 0, while the anomaly
itself does not vanish in this case.
5 Counter terms [16] may also contribute to the inflaton decay.
6 The total effect depends on the form of the Kähler potential. For instance,
in the case of the minimal Kähler potential, the decay rate is proportional to
(TG −TR)2 instead of b20. In the case of the Kähler potential of the sequestered
type, the contributions from the Kähler and sigma model anomalies cancel, and
the decay is dominantly induced by the super-Weyl anomaly.
7 In addition, there may exist a decay into a messenger sector, due to addi-
tional gauge groups introduced to mediate the SUSY breaking effects.
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the decay vertex.
Let us consider how the decay proceeds. First, the inflaton
decays into a pair of the hidden gauge bosons or gauginos, fly-
ing away to the opposite directions. Then each of them interacts
with the hidden (s)quarks and hadronizes due to the strong cou-
pling, followed by cascade decays of the heavy hidden hadrons
into lighter ones. The number of the hidden hadrons produced
from each jet, which we call here as the multiplicity NH , de-
pends on the detailed structure of the hidden sector such as
the gauge groups, the number of the matter multiplets, and
the mass spectrum of the hidden hadrons. We expect, how-
ever, that NH is in the range of O(1–102). The hidden hadrons
should eventually decay and release their energy into the visible
sector, since otherwise they can easily overclose the universe.
Considering that the goldstino is involved in the hidden sector
with renormalizable couplings to other hidden (s)quark/gauge
fields, the gravitinos are likely to be produced in the decays
of the hidden hadrons [17–19] as well as in the cascade de-
cay processes in jets.8 We denote the averaged number of the
gravitinos produced per each jet as N3/2. Here we assume each
hidden hadron produces one gravitino in the end, and use the
relation N3/2 ∼ NH .9 The gravitino abundance is therefore10
Y3/2 = 2N3/2 ΓH
Γφ
3Trh
4mφ
,
(5) 3 × 10−7ξ
(
mφ
1012 GeV
)2(106 GeV
Trh
)
,
where ΓH is the partial decay rate into the hidden gauge sec-
tor given by Eq. (4), and Γφ denotes the total decay rate
of the inflaton, related to the reheating temperature as Trh ≡
(π2g∗/10)−1/4
√
ΓφMP . Here g∗ counts the relativistic degrees
of freedom, and we have substituted g∗ = 228.75 in the second
equality of Eq. (5). We also defined ξ ≡ Ngα2b20N3/2|Kφ |2,
where Ng and b0 depend on the SUSY breaking scenarios.
For instance, in the IYIT model [21] with an SU(2) gauge
group and four doublet chiral superfields, we have Ng = 3, and
b0 = 4.
It should be noted that the gravitino abundance (5) is in-
versely proportional to the reheating temperature [5]. That is,
for the lower reheating temperature, more gravitinos are pro-
duced. This should be contrasted to the thermally produced
gravitinos, whose abundance is proportional to the reheating
temperature. For the rest of the Letter, we regard the reheating
temperature as a free parameter by introducing appropriate di-
rect couplings of the inflaton to the visible sector. We will take
the maximal value allowed by cosmological constraints to give
the most conservative estimates on the gravitino abundance.
8 In particular, this is the case if the SUSY breaking field is a bound state of
the hidden (s)quarks.
9 In a class of the gauge-mediation models of SUSY breaking, the particles in
the hidden sector may dominantly decay into the Standard Model particles [20].
10 If the inflaton spontaneously decay into the hidden sector at the tree
level [7], more gravitinos will be produced.The inflaton does not decay into the SUSY breaking sector if
mφ Λ. However, the gravitino pair production then becomes
important [5]. The gravitino pair production rate is [22]
(6)Γ pair3/2 
η
96π
|∇φGz|2
m3φ
M2P
with η = (mz/mφ)4 for mφ > mz and η = 1 for mφ < mz,
where G ≡ K+ ln |W |2, and mz is the mass of the SUSY break-
ing field z with non-vanishing F-term. Also ∇φGz is defined by
∇φGz ≡ Gφz − Γ kφzGk with the connection Γ kij ≡ Gk
∗
Gij∗ .
The gravitino abundance is then given by
(7)
Y3/2 = 2
Γ
pair
3/2
Γφ
3Trh
4mφ
 7 × 10−11η
( 〈φ〉
1015 GeV
)2(
mφ
1012 GeV
)2(106 GeV
Trh
)
,
where we have assumed the minimal Kähler potential in the last
equality. Although we have neglected the VEV of z in (6), in-
cluding the finite VEV that arises below the dynamical scale
can make the rate even higher [19]. Besides, a pair of the
gravitinos are produced via the higher dimensional operator
K ∼ |φ|2zz for mφ > Λ. If z is elementally singlet, its rate
is expected to be as large as (6) with η = 1 [22]. However,
to be conservative, we neglect the par-gravitino production for
mφ >Λ in the following analysis.
Using (5) and (7), we can constrain the inflation models.
The results are summarized in Fig. 1, in which we take the
maximal value of Trh allowed by the cosmological constraints.
For lower Trh, the bounds on 〈φ〉 become severer as ∝ T 1/2rh
for a fixed mφ . We set r = 1, N3/2 = 10, Ng = 3, α = 0.1,
b0 = 4, 〈Kφ〉 = 〈φ∗〉, and mz = Λ as reference values. We
Fig. 1. Constraints from the gravitino production by the inflaton decay, for
m3/2 = 1 TeV with Bh = 1 (case A), m3/2 = 1 TeV with Bh = 10−3 (case B),
m3/2 = 100 TeV (case C), and m3/2 = 1 GeV (case D). In the region above
the solid (red) line is excluded for each case. For mφ  Λ, we used the
anomaly-induced inflaton decay into the hidden gauge/gauginos to estimate the
gravitino abundance (5), while the gravitino pair production (7) was used for
mφ Λ. The typical values of 〈φ〉 and mφ for the representative inflation mod-
els are also shown (see the text). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this Letter.)
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set m3/2 = 1 TeV, assuming that the gravitino is unstable. The
hadronic branching ratios are given by Bh = 1 and 10−3 for the
cases A and B, respectively. The gravitino abundance in these
cases are severely constrained by BBN [26]. In the case C, we
take m3/2 = 1 GeV, and the gravitino is stable. In the case D,
we take m3/2 = 100 TeV with the wino LSP of a mass given
by 2.7 × 10−3m3/2 [12]. The constraints on Trh and Y3/2 come
from the requirement that the abundance of the gravitino (or the
winos produced by the gravitino decay) should not exceed the
present dark matter abundance [27].
In Fig. 1, we also show the typical values of 〈φ〉 and mφ for
the single-field new [23] (denoted as × and +), multi-field new
[24] (dotted (purple) line), hybrid [8] (thick long dashed (green)
line), smooth hybrid [9] (thick short dashed (blue) line), and
chaotic [25] (long dashed dotted (red)) inflation models. For
each inflation model, the inflaton parameters such as 〈φ〉 and
mφ are determined by the normalization of the density fluctua-
tions, the scalar spectral index ns < 1 required by the WMAP
three-year data [2], and the consistency conditions imposed on
the model (see Ref. [5] for details). Note that we adopt the
chaotic inflation model without discrete symmetries, in which
case 〈Kφ〉 is expected to be around the Planck scale. From the
figure, one can see that the high-scale inflation models such
as the smooth hybrid inflation model are severely constrained,
while the new inflation models may escape the bounds if Bh is
suppressed even for m3/2 = 1 TeV. It is also important to note
that the constraints become relatively relaxed for the light and
heavy gravitino masses (cases C and D).
In this Letter we have shown that the inflaton decays into
any gauge bosons and gauginos via the super-Weyl anomaly
in supergravity, once the inflaton acquires a nonzero VEV. In
particular, the inflaton necessarily decays into the SUSY break-
ing sector when the inflaton mass is larger than the DSB scale.
This subsequently produces the gravitinos, and therefore the
gravitino overproduction problem prevails among the DSB sce-
narios and most inflation models.
Let us mention that the anomaly-induced decay process and
the associated gravitino problem shown above can be avoided
in the following cases. In the chaotic inflation model with an ap-
proximate Z2 symmetry [25,28], the VEV of the inflaton is so
suppressed that both the anomaly-induced decay and the spon-
taneous decay are suppressed. Similar arguments also apply to
inflation models in the no-scale supergravity [29]. Another is to
introduce late-time entropy production [30,31], which can di-
lute any pre-existing unwanted relics.
An interesting application of the anomaly-induced inflaton
decay can be found in the case with the Kähler potential of the
sequestered type: K = −3 ln[1 − (|φ|2 + |Q|2)/3], where Q
collectively denotes the matter multiplets [11]. Since there are
no direct couplings of the inflaton to the matter fields in the
conformal frame, the possible decay processes are those medi-
ated by the supergravity multiplet. Then, only such an operator
that violates the conformal symmetry induces the inflaton de-
cay, and so, the decay via the Yukawa couplings does not occur
at the tree level. On the contrary, the anomaly-induced decay
is not suppressed even in this case. The inflaton can thereforedecay into the Standard Model gauge sector, especially into glu-
ons and gluinos. Also, the inflaton decays into the right-handed
(s)neutrinos, since the right-handed Majorana mass violates the
conformal invariance. This may naturally generate the baryon
asymmetry via leptogenesis scenario [32].
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